Case report
During a humanitarian mission in Southeast Asia, an 18 monthold male toddler, noticeably small for his age, presented with a distended abdomen and failure to thrive. Mother first noted the abdominal mass at approximately 8 months of age, and she stated that the mass had been gradually increasing in size. The child was the youngest of four children born at term to a gravida six mother. The patient's antenatal history was unremarkable. There was no history of maternal illness, exposure to radiation, or drug intake during pregnancy and both parents denied a family history of twining or congenital malformations.
Further examination of the child revealed a cachectic, malnourished child. A relatively fixed, firm and non-tender mass in the right lower quadrant was palpated on abdominal exam. The mass measured approximately 14 Â 9 Â 9 cm in size ( Fig. 1) . No organomegaly was observed and the only other abnormality on physical exam was a right undescended testicle. Secondary to limited laboratory resources on the hospital ship, the only blood tests obtained included a complete blood count and a basic metabolic panel, both of which were found to be within normal limits. A referral to host nation hospitals was unsuccessful due to the limited capabilities.
Initial imaging with plain abdominal films revealed irregular calcifications in the right lower quadrant and although a nonobstructed bowel gas pattern was appreciated, slight displacement of bowel loops to the left of the abdomen was noted. Follow up ultrasound evaluation demonstrated a large heterogeneous, complex solid and cystic mass (Fig. 2 ). There were areas of increased echogenicity, which corresponded with calcifications on plain films. A contrast enhanced CT of the abdomen and pelvis greatly improved evaluation of the mass, and an axial skeleton was appreciated within the enhancing soft tissue mass (Fig. 3) . While no cranial vault was appreciated, a vertebral column and pelvic girdle were identified as well as possible lower extremity buds. These were further characterized with maximum intensity projection images and post processed to provide a 3-D rotating model (Fig. 4) . Finally, a CT angiogram was performed to identify any prominent vascularity. This was done to assess the feasibility of completing the operation on board the ship. The largest feeding vessel appeared to arise inferiorly from the patient's left common iliac artery and bifurcation while several smaller, less than 2 mm, vessels were visualized along the right and left lateral margins.
An elective laparotomy was performed with a low transverse incision. A well-encapsulated, partially cystic retroperitoneal mass was found. The mass had displaced the right ureter and cord structures anteriorly resulting in an undescended right testicle (Fig. 5) . The mass encompassed the majority of the abdomen and displaced the bladder anteriorly and superiorly as it extended down toward the pelvis. Three well-defined vascular pedicles were identified supplying the mass, and the mass was removed en bloc. Further pathologic review revealed a skin-covered heterogeneous mass of soft tissue with bone and cartilage resembling a vertebral column and pelvic bone structures (Fig. 6 ). Within the soft tissue were scattered areas of benign colonic mucosa, as well as rare lymph nodes. No other major tissue structures and no malignancies were identified. The gross and histologic features were consistent with an anencephalic fetus in fetu, with the mass corresponding to an incompletely developed twin fetus. The procedure was complicated by a 2 mm prostatic urethral injury, where the mass was adherent to the urethra, requiring a primary repair and prolonged bladder catheterization. The postoperative period was uneventful and the catheter was removed after two weeks without further complications.
Discussion
Fetus in fetu, first described by Johann Friedrich Meckel, is the malformed or parasitic monozygotic diamniotic twin that is found inside the body of a living child or sometimes in an adult. The pathogenesis is still largely unknown; but during the ventral folding of trilaminar embryonic cyst (2nd and 3rd weeks of development), the diamniotic monochorionic twin is included within its host [5] . The inclusion in the sister embryo is speculated to be because of a persistent anastomosis of the vitelline circulation during development [6] . It is thought to result from unequal division of the totipotent inner cell mass of the developing blastocyst, causing a small cell mass within a maturing sister embryo. This ultimately results in a vestigial remnant, or fetus in fetu [7] .
Clinical and pathologic features can be discussed while considering the differential diagnoses. In an infant with an abdominal mass showing diffuse calcifications or ossifications on ultrasonography, the differential diagnoses include neuroblastoma, FIF, meconium pseudocyst, and teratoma [8] . Congenital neuroblastoma, the most common neoplasm in the neonate, usually presents with further involvement of skin, liver, or bone. Teratomas rarely arise in the retroperitoneum, comprising less than 5% of retroperitoneal masses, compared to FIF, which are most often observed in the retroperitoneal location [9] . However, there is no debate that teratomas are far more common than FIF. Pathologically, FIF is highly differentiated tissue about a vertebral skeleton, whereas teratomas are discordant congregations of pleuripotential cells (from more than 1 germ layer) without systemic organization [10] . Pneumoperitoneum, ascites and calcifications with a family history of cystic fibrosis are suggestive of a meconium pseudocyst with peritonitis [11] . In general, intra-abdominal fetus in fetu is usually suspended by a single pedicle within a complete sac containing fluid. Besides the vertebral column, structures commonly found in fetus-in-fetu include dermal, limb, gastrointestinal, and portions of the central nervous system [12] . Less commonly noted are the gonads, adrenal glands, heart, and a primitive respiratory unit.
With the advances in ultrasonography, one can associate early diagnosis with improved patient outcomes [8] . However, ultrasound sometimes is not confirmatory and as discussed often leads to a wide differential diagnosis. With the increased use of CT and MRI, the capability of narrowing to a single diagnosis has greatly improved [13] . Upon review of the radiologic literature, there is only one case with 3-D reconstruction demonstrating the fetus-infetu rare phenomenon. The argument for accurate pre-operative diagnosis by utilization of multidetector CT technology in fetus-infetu can be made when assessing the surgical planning required for such complex cases. Advanced imaging can provide improved resolution and unique insight into the spatial relationship of the mass with its surrounding structures [14] , thus improving the surgeon's ability to create a more informed operative plan. In our case, considering the limited operative capabilities aboard the hospital ship, pre-operative 3D imaging (Fig. 4) was imperative in the decision making process.
Surgical treatment for fetus-in-fetu is curative since it is currently considered a benign disease. The main indication for resection is to prevent or palliate symptoms of an intra-abdominal mass. The most frequent symptoms reported are distension, palpable mass, emesis, poor feeding, jaundice, and/or dyspnea [15] . However, there have been isolated cases of malignancy following resection of a FIF, prompting some surgeons to recommend complete resection on a more urgent basis followed by postoperative surveillance of tumor markers for 2 years [16] . These tumor markers would include alpha-fetoprotein (AFP) and human chorionic gonadotropin hormone (HCG). There has been some controversy about the differentiation of FIF from teratomas. Some reports describe a "pseudofetu" or a sacrococcygeal teratoma without a vertebral column, but with rudimentary organs that again argue the possibility of pathologic overlap [17] . In essence, both of these entities may present with different degrees of spinal dysgenesis or residual posterior enteric remnants secondary to early focal disturbance of endodermal-ectodermal differentiation [18] . It is not difficult to ascertain why the continued pathological controversy exists when discussing differentiation of FIF from a mature or wellorganized teratoma.
In 2000, a literature review of all previous cases of FIF was performed that described some general characteristics. However, since that time frequent prenatal testing, advances in imaging technology, new genetic testing and updates in pathologic evaluations have led to more frequent publications of this congenital anomaly [2] . We have reviewed 95 cases published in the literature since 1999 to update this information and compared these with our own case. Highlighted features of this condition are portrayed in (Table 1) . Of the 95 articles of FIF reported, 58 (63%) were male and 34 (37%) were female with 3 cases in which the sex could not be identified. A single fetus was seen in 89% percent of the case reports with the most common location being the retroperitoneum (72%), and one unusual case where 11 fetuses where identified in a single patient. Less frequent sites were intracranial, chest, mouth or neck. A vertebral column was identified in 76%, with 1 case revealing only a notochord. Based on reviewed literature, most FIF masses are acardiac and anencephalic. However intestinal, neural, pulmonary, gonadal, pancreatic, and adrenal tissue are often present. In our review we found 40 (55%) fetuses had evidence of central nervous tissue, 61% had gastrointestinal tissue, and 36% had evidence of genitourinary development. A substantial number of fetuses (35%) were identified on prenatal imaging, with 50% identified within the first month of life, and 75% within the first 2 years of life. Five cases involved an associated teratoma found at time of diagnosis or operation, and one case coincided with a yolk sac carcinoma. In comparison to the 2000 article by Hoeffel et al. we found a significant increase in prenatal diagnosis but interestingly a decrease in total number of cases diagnosed prior to 18 months of age. In our review, of those reported, 97% had a good prognosis after surgery (27 cases did not report on post surgical status or prognosis). For the two cases without good prognosis, one patient was alive at one year but with poor muscle tone and ventriculoperitoneal shunt requirement, and the other died on postoperative day 32 from complications associated with fetal hydrops. For those not operated on, one was terminated at 21 WGA, one resulted in spontaneous abortion at 18 WGA, and one did not have surgery due to parental choice.
As previously stated, most cases present as an abdominal mass during the first year of life. However, some reports of FIF in adults as old as 36 years of age have been reported [19] . Despite the overall health seen with these rare cases of FIF in adults, the importance in early diagnosis can be relayed through the increased morbidity seen in the majority of patients diagnosed at a later stage in development. With our patient, failure to thrive, cryptorchidism, and likely development delay can all be partially or completely contributable to his tumor. In today's technologically advanced world, prenatal diagnosis is on the rise. In 2001, only five cases were reported as being detected prenatally in comparison to the 35% we found in our review [2] . Diagnosis with US was first reported by Nicolini et al. [20] . Most reports prior to 1980 showed that a preoperative diagnosis of FIF was made in only 16.7% of cases.
In the past decade, increasing description of the genetic features of FIF have also have been identified. In all reports, the karyotype of the FIF is identical to that of the host fetus or infant [21] . Molecular genetic analysis using 10 STR (short tandem repeat) markers has also shown that the genotypes of the FIF mass and the host infant are heterozygous and identical. These findings confirm that the FIF originates from a premeiotic stem cell [22] .
Looking again at the pathological controversy behind FIF, according to Willis in 1935, the 'features distinguishing a fetus-in-fetu from a highly differentiated teratoma are as follows: (1) There must be a separate spinal column, which demonstrates that the fetus has passed through a primary stage after gastrulation, involving formation of the neural tube, metamerization, and symmetrical development around this axis; and (2) the organs must have developed in a synchronized manner so that all have achieved the same degree of maturation [23] .' Our review demonstrated that approximately 25% of case reports had no vertebral column identified, which reveals the lack of consistency in diagnosing FIF. More recently Gonzalez-Crussi further defined FIF as, 'any structure in which the fetal form is in a very high development of organogenesis' and linked it 'to the presence of a vertebral axis' [24] . However, reports of simultaneous or sequential FIF and teratoma are becoming more frequent, and whenever karyotyping and blood grouping have been performed, the results have been identical in the affected infant and the fetus-in-fetu or teratoma [25] .
Currently, it appears that FIF and teratoma are not two distinct entities, but rather two aspects of the same pathology at different stages of maturation. Current treatment guidelines stress the importance of differentiating a mature teratoma from FIF because there is up to a 10% malignancy rate with retroperitoneal teratomas, implying the necessity of follow up [26, 27] . With the recent literature reviewed and our findings of coinciding tumors, we raise the argument that treatment guidelines should be identical for both conditions. Treatment of choice would therefore involve complete resection of the tumor and monitoring of alpha-fetoprotein levels because of the risk of malignant recurrence. The occurrence of a subsequent teratoma is not unprecedented. Hopkins et al. [16] reported on a five-day-old boy who was found to have a retroperitoneal FIF and who later developed a right abdominal mass which proved to be a teratoma with malignant components requiring chemotherapy. Also Gilbert-Barness E et al. [11] reported the third known instance of FIF associated with a benign teratoma at age one. Although rare, these cases emphasize the consideration for potential long-term follow-up for surveillance to avoid any missed malignancy that may develop after surgical resection.
Conclusion
Fetus-in-fetu is currently classified as a benign condition; however, controversy continues regarding its future malignant potential or association. When mass compression becomes significant, as in our case, the child or adult can suffer from poor growth or development, infections, and even lack of organ function. With surgical treatment, normal anatomy and physiology can be restored and the malignant potential excised. With the ability of tumor marker surveillance and advances in radiographic technology, genetic testing and pathologic reviews, physicians must consider the potential for a minimum of 2 year follow up to avoid a missed malignancy. Surgical outcomes are reportedly good following excision, but further data collection is required for long term results.
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